I. INTRODUCTION Soliton propagation in fiber waveguides supporting two coupled modes has been studied theoretically by several authors in the past few years. The nonlinear directional coupler has certainly been the most frequently studied such device since it was proposed [1, 2] . Switching properties of this device, using very short pulses, have been studied extensively both theoretically [3 -11] and experimentally [12] [13] [14] [15] . It has been shown experimentally [15] that input pulses as short as 100 fsec can be used to obtain complete switching. In principle, this is not the fastest switching time which can be achieved with directional couplers.
From a theoretical point of view, an important issue is the stationary pulses (soliton states) which can propagate in the coupler and their stability. The stability of the soliton states determines the device properties for long-term propagation and the behavior of pulses in the coupler. Symmetry-breaking instabilities in two-mode fiber devices taking into account (and also neglecting) cross-phase modulation have been studied by Wright, Stegeman, and Wabnitz [16] . It was shown in [16] that different types of behavior of the soliton pulses can be expected in the twomode devices depending on the perturbation of the initially stationary pulses.
Recently, Akhmediev and Ankiewicz [17] discovered different (asymmetric) families of soliton states in nonlinear fiber couplers. These soliton states are pairs of unequal pulses which can propagate in a directional coupler without changing their shapes. Moreover, the energydispersion diagram was constructed in [17] 
which has two parameters q and E. Using In addition to symmetric and antisymmetric states, the set of Eqs. (7) also has asymmetric solutions with more complicated relations between the field components uo and uo. There are no analytical expressions for them, but they can be found easily be numerical methods (see Ref.
[17]}. There are two different families of asymmetric solutions which bifurcate from the symmetric and antisymmetric states at certain values of q/K. They have been labeled in Ref. [17] as A-and B-type asymmetric states. Figure 1 -, 'u"-u+ IuI'u+u =0 .
Particularly, the set of Eqs. (7) has symmetric &2(q /IC -1 ) cosh[&2(q/k -1)t] and antisymmetric (8) which have only one parameter, viz. , q/X.
Equations (1) and (2) have the following invariant: (6) which corresponds to the total energy carried by a signal inside the fiber coupler. Equations (5) 
We separate out the exponential dependence on z' and write the function f (z't') in the form f (z', t') = -, ' [(a +b)exp(yz')+ (a * b )exp(y*z-') ], if, +-, 'f« (q/K-)f +luo (2f +f")+h =0, ih, +-, 'h« -(q/K)h +~v o~(2h +h*)+f=0 .
This set of equations has many possible types of solution.
We want to find those solutions which display exponential growth in the z direction, and which are therefore unstable.
Substituting Eq. (15) Our calculations show that the growth rate is real in this interval. The rescaled curve for the growth rate 5 versus q/K is shown in Fig. 1(b) We used the linearization method described in [19] . Let us first make some estimates at the limiting points. It is possible to find the solutions of Eqs. (17) Fig. 1(b) 
IV. STABILITY OF ASYMMETRIC A-AND B-TYPE SOLITON STATES
In the case of asymmetric soliton states,~u o~A~U o~. Therefore, Eqs. (11) cannot be reduced to a single equation, and we have to solve them numerically in the entire range of q where a certain type of stationary solution exists. We used the linearization method described in [19] modified for the case of a coupled set of evolution equations. In this way we can find the perturbation function possessing a given symmetry with the largest growth rate. The results for A-and B-type asymmetric soliton states are shown in Fig. 1(b) (the curves are denoted as A, B,", ", and B,dd). In the case of asymmetric A-type soliton states, the eigenvalue 5 is purely real in a small region in the interval 5K/3&q &1.85K (curve A). The corresponding eigenfunctions ( f, h ) are even functions of t. Fig. 1(b) (curves B,", "and B,dd) There is a close analogy between the soliton states in a nonlinear directional coupler and the nonlinear guided waves in a symmetric planar waveguide structure with a linear layer [18] . The bifurcation phenomena and stability properties are very similar if we consider q as an analog of the propagation constant in a planar waveguide structure, and the total energy Q in the directional coupler as an analog of the energy liow (or power liow) in the planar waveguides [18] . Hence Let us notice some common features between our stability results for the directional coupler and those for planar waveguides. We can consider the Q versus q diagram of the present paper as the analog to the I versus n diagram for planar waveguides [20] . In this case the stability criterion for the symmetric and A-type asymmetric soliton states found in the present investigation is practically the same as that for planar waveguides [21, 20, 22] .
Additionally, in both problems the perturbation eigenvalues can be complex for antisymmetric waves [23] .
%'e also notice some differences in the stability results.
The dispersion curves for each particular type of soliton state cannot be N shaped in the directional coupler, in contrast to the planar waveguide [18] . Another difference is that the higher-order nonlinear modes have different stability properties.
For example, antisymmetric states in planar waveguides can be stable at large values of the propagation constant [23] . Antisymmetric states in the coupler are unstable at high q. In both cases the stability criterion for higher-order stationary solutions (soliton states) cannot be expressed in simple terms [23] . VI 
